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DESCRIPTION 
SUBSTRATE CARRYING TRAY 

TECHNICAL FIELD 
The present invention relates to a stackablev 
substrate carrying tray which loads a loaded object. 

BACKGROUND ART 
In order to transport plural substrates used for a 
display panel or the like at one time, a substrate 
transport' device as shown in Fig. 27 is commonly 
employed. The transport device shown in Fig. 27 is 
constituted by a packing material 201 having a 
rectangular vertical hole 203, which is made of foam 
polypropylene or the like. Further, the transport device is 
formed in a rectangular column (square column) having a 
bottom, and is provided with ribs 205 on an inner wall of 
the vertical hole 203. The number of the ribs 205 is one 
less than the number of substrates to be stored. With the 
ribs 205, the vertical hole 203 is partitioned and grooves 
204 are formed. The number of the grooves 204 is equal to 
that of the substrates. Further, each of the grooves 204 
receives a substrate 202 fitting in so that the substrate 
202 is stored. By transporting a set of the substrates 
stored in such a manner, it is possible to transport the 
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plural substrates at one time. 

Further, the Japanese Unexamined Patent 
Publication, No. 287382/1998 (Tokukaihei 10-287382, 
publication date: October 27, 1998) discloses an 
arrangement in which a substrate is loaded on a substrate 
carrying tray, and which allows plural substrate carrying 
trays to be stacked one upon another. In the publication, 
Tokukaihei 10-287382, the substrate carrying tray has a 
frame on its four edges, the frame having four side 
surfaces extending in a vertical direction. Further, the 
frame has four corners on which concave portions are 
provided so that part of each concave portion has an offset 
in parallel with each of the side surfaces. Further, in a 
vertical downward direction from the parts on which the 
concave portions are provided, convex portions are 
provided that can fit in the concave portions, respectively. 
With the above structure, when plural substrate carrying 
trays are stacked, the convex portions of a substrate 
carrying tray stacked above fit in concave portions of a 
substrate carrying tray positioned below. This enables 
plural substrate carrying trays to be stacked. 

However, in such a substrate transport device in 
which each substrate is stored in a groove of the vertical 
hole, every substrate is held by ribs 205 only at its edge 
portion, and no other portions including its center portion 
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are supported. This has caused a fear that, when a 
substrate is used for a large size display panel, the 
substrate is warped and the center portion of the 
substrate contacts the center portion of another substrate, 
resulting in breakage of the substrate. 

Further, the substrate carrying tray described in the 
publication, Tokukaihei 10-287382, is required to have an 
elbow room between an outer side surface of every concave 
portion and an inner side surface of every convex portion, 
considering manufacturing errors and fitting adjustability. 
If no elbow room is provided, the following may occur in 
the case where a substrate carrying tray stacked above is 
made larger than a substrate carrying tray positioned 
below. Specifically, the upper substrate carrying tray 
cannot be fit in the lower substrate carrying tray, so as to 
run on to the lower substrate carrying tray. 

However, providing such an elbow room causes 
another problem when trays are stacked in multiple levels, 
e.g. 30 levels. Specifically, when plural substrate carrying 
trays are stacked, the trays may be slightly inclined 
leftward or rightward when viewed from a side direction. 
This causes trays, stacked in multiple levels including 
levels inclined leftward and levels inclined rightward, to 
have a waveform as a whole or to have inclination made 
leftward (or rightward). Thus, stability cannot be attained 
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in the stacked condition. 

The present invention is made in view of the 
foregoing problems, and an object of the present invention 
is to realize a substrate carrying tray which eliminates a 
fear of breakage of a substrate when the substrate is 
warped and contacts another substrate, and which can be 
stacked stably. 

DISCLOSURE OF INVENTION 
To attain the foregoing object, a substrate carrying 
tray of the present invention, on which a substrate is 
placed horizontally, includes an upper contact section; 
and a lower contact section, the upper contact section 
contacting a first substrate carrying tray which is stacked 
above the substrate carrying tray, and the lower contact 
section contacting a second substrate carrying tray which 
is stacked below the substrate carrying tray, the upper 
and lower contact sections being formed in a shape so as 
to move, when the first stackable substrate carrying tray 
is stacked above the substrate carrying tray, the first 
substrate carrying tray in such a direction that a center of 
gravity of the first substrate carrying tray is positioned 
vertically above a center of gravity of the substrate 
carrying tray. 

According to the arrangement, when another 
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substrate carrying tray is stacked on a substrate carrying 
tray, the upper substrate carrying tray moves so that a 
center of gravity of the upper substrate carrying tray is 
positioned vertically above a center of gravity of the lower 
substrate carrying tray. This allows substrate carrying 
trays to be aligned substantially linearly in a vertical 
direction, when the substrate carrying trays are stacked. 

This eliminates a fear that the substrates come in 
contact with each other due to warping of the substrates, 
resulting in breakage of the substrates. Further, the 
substrates can be stacked stably. 

Further, a substrate carrying tray of the present 
invention, on which a substrate is placed horizontally, 
includes an upper contact section; and a lower contact 
section, the upper contact section contacting a first 
substrate carrying tray which is stacked above the 
substrate carrying tray, and the lower contact section 
contacting a second substrate carrying tray which is 
stacked below the substrate carrying tray, the upper 
contact section including an upper inclined section which 
is inclined inwardly or outwardly in the substrate carrying 
tray, and the lower contact section including a lower 
inclined section which has a same inclined direction as 
that of the upper inclined section. 

As used herein, the inclination is not limited to a 
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linear inclination, and may include a curved inclination. 

According to the arrangement, it is preferable to use 
trays having the same shape. This is because substrate 
carrying trays are aligned substantially linearly in a 
vertical direction, when the substrate carrying trays are 
stacked. 

The upper and lower contact sections, which 
constitute a contact region, may be portions where 
substrate carrying trays come in contact with each other 
when stacked. Further, the contact region may have a 
shape corresponding to the shape of a loaded object. For 
example, there is a case where the loaded object is a large 
object, e.g. a substrate for a display panel, and the bottom 
surface of the substrate carrying tray is fully used to 
place a single loaded object. In such a case, the contact 
region may be provided on a peripheral edge portion. 

In the contact region, its upper-side surface and its 
lower-side surface may be entirely inclined, or only a 
portion including an outer edge or a portion including ah 
edge facing the center of the substrate carrying tray may 
have be inclined, while a portion having the other edge 
may be a horizontal plane. 

According to the arrangement, the upper substrate 
carrying tray slides down on the lower substrate carrying 
tray along the inclined surface of the lower substrate 



carrying tray, and stops when the center of gravity of the 
upper substrate carrying tray in a horizontal direction and 
the center of gravity of the lower substrate carrying tray 
in a horizontal direction become coincident with regard to 
a vertical line. This prevents a situation from rising where 
substrate carrying trays are formed in a waveform inclined 
rightward and leftward, or inclined toward one side, 
allowing the substrate carrying trays to be stacked 
linearly. Thus, the substrate carrying trays can be stacked 
stably. 

A substrate carrying tray of the present invention is 
a stackable substrate carrying tray serving to load a 
loaded object. Here, when a substrate carrying tray is 
placed on a horizontal surface, a direction toward the 
center of the substrate carrying tray is referred to as a 
center direction, a direction toward the outside of the 
substrate carrying tray is referred to as an outer direction, 
and either the center direction or the outer direction is 
referred to as direction B. Further, the substrate carrying 
tray has a contact region, on which the loaded object is 
not loaded and which contacts another substrate carrying 
tray when substrate carrying trays are stacked. With the 
above structure, the substrate carrying tray may be 
arranged such that a surface of an upper-side (simply 
"upper-side surface" hereinafter) of the contact region has 
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at least a portion that is inclined toward B direction, and 
a surface of a lower-side (simply "lower-side surface" 
hereinafter) of the contact region is formed to have an 
inclined surface that fits an upper-side surface of a 
contact region of another substrate carrying tray 
positioned below in the stack. 

Further, in addition to the arrangement, the 
substrate carrying tray of the present invention may be 
arranged such that the upper and lower contact sections 
are disposed on a peripheral edge of the substrate 
carrying tray. 

There is a case where the loaded object is a large 
object, for example, a substrate for a display panel, and 
the bottom surface of the substrate carrying tray is fully 
used to place a single loaded object. In such a case, by 
providing the upper and lower contact sections on the 
peripheral edge of the substrate carrying tray, it is 
possible to take a larger portion for placement of a 
substrate. Further, this provides stability for substrates 
to be stacked in multiple levels. 

By utilizing the peripheral edge for the upper and 
lower contact sections, which constitute a contact region, 
there is no need to separately provide a portion having a 
shape similar to that of the contact region, enabling to 
realize a simple structure. 
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In addition to the arrangement, the substrate 
carrying tray of the present invention may be arranged 
such that the upper inclined section is provided entirely 
on an upper surface of the upper contact section, and 
the lower inclined section is provided entirely on a lower 
surface of the lower contact section. 

According to the arrangement, even when the 
substrate carrying tray stacked above has a large position 
shift, the shift can be amended. Specifically, since the 
inclination is provided on the entire surfaces, even when 
the position shift is relatively large when substrate 
carrying trays are stacked, due to the weight of each 
substrate carrying tray, every substrate carrying tray 
naturally moves to its initial loading position. 

Note that, the substrate carrying tray may be 
arranged such that the upper-side surface of the contact 
region is entirely inclined and the lower-side surface of 
the contact region is entirely formed to have a shape that 
fits the shape of an upper-side surface of another 
substrate carrying tray positioned below in the stack. 

Further, in addition to the arrangement, the 
substrate carrying tray of the present invention may be 
arranged such that the upper inclined section is provided 
on a portion including an outer edge or inner edge of an 
upper surface of the upper contact section, and the lower 
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inclined section is provided on a portion of the lower 
contact section, the portion including an edge 
corresponding to an edge on which the upper inclined 
section is disposed. 

According to the arrangement, the weight of the 
substrate carrying tray thus stacked can be supported by 
a portion having a horizontal surface. 

In the contact region, the upper upper-side surface 
and the lower upper-side surface may be arranged such 
that only a portion including either one of the outer edge 
and the edge facing the center of the substrate carrying 
tray has inclination, while a portion including the other 
edge may have a horizontal surface. 

Further, in addition to the arrangement, the 
substrate carrying tray of the present invention may be 
arranged such that at least one of the upper and lower 
inclined sections are inclined in a plane manner. 

According to the arrangement, the upper substrate 
carrying tray smoothly slides down to the lower carrying 
transfer tray. 

Further, in addition to the arrangement, the 
substrate carrying tray of the present invention may be 
arranged such that at least one of the upper inclined 
section and lower inclined sections are inclined in such a 
curved manner that a gradient is downwardly moderate. 
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According to the arrangement, when the upper 
substrate carrying tray slides down to the lower substrate 
carrying tray, the upper substrate carrying tray moves at 
a reduced speed as it comes close to a stop point. This 
allows the substrate carrying tray to be fit in a 
predetermined position more quietly. 

Further, in addition to the arrangement, the 
substrate carrying tray of the present invention may be 
arranged such that the upper and lower inclined sections 
have an identical shape at respective contact portions. 

According to the arrangement, when substrate 
carrying trays are stacked, the inclined line of the upper 
substrate carrying tray and the inclined line of the lower 
substrate carrying tray become coincident regardless of 
orientations of the substrate carrying tray within the 
horizontal surface. This allows the substrate carrying 
trays to be stacked in a preferable manner, enabling to 
simplify the stacking process. 

Further, in addition to the arrangement, a substrate 
carrying tray may be arranged such that the tray includes 
a protrusion that engages a chuck for catching the tray, 
the protrusion outwardly protruding from an outer edge 
surface of the peripheral edge of the tray, the outer edge 
surface is formed* in a plane manner, in such a direction 
that becomes a vertical direction when the tray is placed 
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horizontally, and the upper and lower contact sections are 
provided inwardly from the outer edge surface. 

This means, for example, that no additional 
"extrusion" is provided other than the protrusion serving 
as a holding section of a substrate carrying tray at the 
outer side of the contact region which is a frame made of 
aluminum or the like. This eliminates a fear that, when 
chucks of a substrate carrying tray transport device, 
provided beside stacked substrate carrying trays, come to 
engage protrusions serving as holding sections of the 
respective substrate carrying trays in order to transport 
the trays, the chucks may hook such extrusions. Thus, 
the substrate carrying trays can be transported smoothly. 

When substrate carrying trays are stacked, there 
may be provided a plane surface having no protrusion at 
the border between the contact region and a contact 
region of a stacked substrate carrying tray, with regard to 
the side surface facing the outside. 

According to the arrangement, when another 
substrate carrying tray is stacked on a substrate carrying 
tray, the upper substrate carrying tray moves so that the 
center of gravity of the upper substrate carrying tray is 
positioned vertically above the center of gravity of the 
lower substrate carrying tray. This allows substrate 
carrying trays to be aligned substantially linearly in a 
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vertical direction, when the substrate carrying trays are 
stacked. This eliminates a fear that substrates come in 
contact with each other due to warping of the substrate, 
resulting in breakage of the substrates. Further, the 
substrates can be stacked stably. 

Additional objects, features, and strengths of the 
present invention will be made clear by the description 
below. Further, the advantages of the present invention 
will be evident from the following explanation in reference 
to the drawings. 

BRIEF DESCRIPTION OF DRAWINGS 
Fig. 1(a) is an oblique cross sectional view 
schematically illustrating a structure of a substrate 
carrying tray according to an embodiment of the present 
invention. 

Fig. 1(b) is a plan view schematically illustrating the 
structure of the substrate carrying tray according to the 
embodiment of the present invention, when the substrate 
carrying tray is in a horizontal position and seen from 
above in a vertical direction. 

Fig. 2 is a cross sectional view schematically 
illustrating a structure of stacked substrate carrying 
trays. 

Fig. 3 is a cross sectional view schematically 
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illustrating a structure of stacked substrate carrying 
trays. 

Fig. 4 is a cross sectional view schematically 
illustrating how substrate carrying trays are stacked, and 
transported by a substrate carrying tray transport device. 

Fig. 5 is a cross sectional view schematically 
illustrating how substrate carrying trays are stacked, and 
transferred by a substrate carrying tray transport device. 

Fig. 6 is a cross sectional view schematically 
illustrating substantial parts of a substrate carrying tray. 

Fig. 7 is a cross sectional view schematically 
illustrating substantial parts of a substrate carrying tray. 

Fig. 8 is a cross sectional view schematically 
illustrating substantial parts of a substrate carrying tray. 

Fig. 9 is a cross sectional view schematically 
illustrating substantial parts of a substrate carrying tray. 

Fig. 10 is a cross sectional view schematically 
illustrating substantial parts of a substrate carrying tray. 

Fig. 11 is a cross sectional view schematically 
illustrating substantial parts of a substrate carrying tray. 

Fig. 12 is a cross sectional view schematically 
illustrating substantial parts of a substrate carrying tray. 

Fig. 13 is a cross sectional view schematically 
illustrating substantial parts of a substrate carrying tray. 

Fig. 14 is a cross sectional view schematically 
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illustrating substantial parts of a substrate carrying tray. 

Fig. 15 is a cross sectional view schematically 
illustrating substantial parts of a substrate carrying tray. 

Fig. 16 is a cross sectional view schematically 
illustrating substantial parts of a substrate carrying tray. 

Fig. 17 is a cross sectional view schematically 
illustrating substantial parts of a substrate carrying tray. 

Fig. 18 is a cross sectional view schematically 
illustrating substantial parts of a substrate carrying tray. 

Fig. 19 is a cross sectional view schematically 
illustrating substantial parts of a substrate carrying tray. 

Fig. 20 is a cross sectional view schematically 
illustrating substantial parts of a substrate carrying tray. 

Fig. 21 is a cross sectional view schematically 
illustrating substantial parts of a substrate carrying tray. 

Fig. 22 is a cross sectional view schematically 
illustrating substantial parts of comparative substrate 
carrying trays. 

Fig. 23 is a cross sectional view schematically 
illustrating substantial parts of comparative substrate 
carrying trays. 

Fig. 24 is a cross sectional view schematically 
illustrating substantial parts of comparative substrate 
carrying trays. 

Fig. 25 is a cross sectional view schematically 
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illustrating substantial parts of comparative substrate 
carrying trays. 

Fig. 26 is a cross sectional view schematically 
illustrating how comparative substrate carrying trays are 
stacked, . and transported by a substrate carrying tray 
transport device. 

Fig. 27 is an oblique view schematically illustrating 
substantial parts of a conventional package material for 
storing and transporting substrates. 

BEST MODE FOR CARRYING OUT THE INVENTION 
With reference to Figs. 1(a) through 26, one 
embodiment of the present invention is described below. 

As shown in Figs. 1(a) and 1(b), a substrate carrying 
tray 1 serves to load a loaded object, i.e., a glass 
substrate 2 (hereinafter, simply referred to as substrate 2) 
used for, for example, a liquid crystal display panel or the 
like. Fig. 1(a) shows a cross section of the substrate 
carrying tray 1 and the substrate 2 placed on the 
substrate carrying tray 1, which is taken along a vertical 
line on the center. In other words, Fig. 1(a) is an oblique 
view taken along line A-A shown in Fig. 1(b). Further, Fig. 
1(b) is a top view of the substrate carrying tray 1 and the 
substrate 2 placed on the substrate carrying tray 1. 

In the following description, as a standard condition, 
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a substrate 6 is horizontally placed and constitutes an 
upper part of the substrate carrying tray 1. Thus, in Fig. 
1(a), a direction toward the top of the sheet is an upper 
direction, and a direction toward the bottom of the sheet 
is a lower direction. Since Fig. 1(b) is a top view, the 
up-and-down direction of the sheet is a depth direction, 
and a side-to-side direction of the sheet is a width 
direction. 

The substrate carrying tray 1 includes a frame 4 and 
a loading bed 6. The loading bed 6, held in the center of 
the frame 4, serves as a bed on which the substrate 2 is 

* 

placed. 

The loading bed 6, serving as loading a substrate 
thereon, is a flat plate having a frame section 6b. The 
frame section 6b has a cross section of a rectangular 
shape, and its inner perimeter is slightly larger than the 
outer perimeter of the substrate. The loading bed 6 has an 
upper surface on which the frame section 6b is formed, 
and a lower surface opposite the upper surface. Further, 
the upper surface has an outer side section 6a that lies 
outside the frame section 6b and an inner side section 6c, 
which lies inside the frame section 6b. In the above 
structure, the substrate 2 is placed on the inner side 
section 6c. Since the frame section 6b is provided, when 
the substrate carrying tray 1 vibrates, the substrate 2 hits 
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frame section 6b. This prevents the substrate 2 from being 
misaligned and falling or from directly hitting the frame 4 
so as to be broken on impact. Regarding this, the loading 
bed 6 is made of a material that can absorb such impact, 
for example, foam polyethylene. The outer side section 6a 
is a portion fixed to the frame 4. 

The frame 4, formed to surround the outer edge of 
the loading bed 6, includes a frame body 11, a pair of an 
upper side fixing section 12 and a lower side fixing section 
13, and a flange 14. The upper side fixing section 12 and 
the lower side fixing section 13 respectively have ribs on 
planes, and the ribs protrude from an inner edge surface 
11c of the frame body 1 1 to the inside. Further, the flange 
14 protrudes from an outer edge surface lid of the frame 
body 11 toward the outside. 

Fig. 2 shows substrate carrying trays stacked one 
upon another. As shown in Fig. 2, the frame body 11 
includes upper contact sections 11a and lli and lower 

9 

contact sections lib and llj, which constitute a contact 
region. The upper contact sections 11a and lli contacts a 
substrate carrying tray stacked above, and the lower 
contact sections lib and llj contacts a substrate carrying 
tray positioned below. The upper contact sections 11a and 
lli and the lower contact sections lib and llj are formed 
with such inclination that their heights in a vertical 
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direction are reduced from their outer edges down to their 
inner edges. In the present embodiment, the inclination is 
created with the same angle for the upper contact sections 
and the lower contact sections. Further, the upper contact 
sections and the lower contact sections have the same 
width. That is, the upper contact sections and the lower 
contact sections are the same with regard to the shape 
and the inclination. 

The upper contact sections 11a and Hi have inclined 
regions referred to as upper inclined regions, and the 
lower contact sections lib and 1 lj also have inclined 
regions referred to as lower inclined regions. The upper 
inclined regions and the lower inclined regions are formed 
to have inclination toward same direction. 

In the present embodiment, since the entire surfaces 
of the upper contact sections 11a and 1 1 i and the lower 
contact sections lib and 1 1 j are inclined, the upper 
contact sections 11a and Hi are respectively the same 
portions as the upper inclined sections, and the lower 
contact sections lib and 1 1 j are respectively the same 
portions as the lower inclined sections. However, if 
inclination is not created for the entire surfaces, the 
upper contact sections 11a and lli will be different from 
the upper inclined sections, and the lower contact 
sections lib and 1 lj will be different from the lower 
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inclined sections. 

The upper side fixing section 12 and the lower side 
fixing section 13 are formed so as to have a gap in which 
the loading bed 6 can be sandwiched. By sandwiching the 
loading bed 6 in between, the upper side fixing section 12 
and the lower side fixing section 13 support the periphery 
of the loading bed 6. 

The flange 14 engages chucks 89 of a substrate 
carrying tray transport device 88 (see Fig. 4), which will 
be described later, when the substrate carrying tray 1 is 
entirely lifted. In the present embodiment, as an example, 
the flange 14 is provided in the form of a flat plate having 
a uniform thickness, extending in a horizontal direction 
from the entire region of the outer side surface lid. 
However, the shape of the flange 14 is not limited to this, 
and may be selected in accordance with the shape of the 
chucks 89 appropriately. For example, in the case where 
chucks engage respective predetermined opposing sides, 
flanges 14 may be provided on sides of the outer side 
surface lid, which respectively face to each other, in the 
frame body 11 (e.g. side llg and side llh). As long as the 
flange 14 is stably supported by the chucks 89, the flange 
14 may be formed in other shapes. 

The outer side surface lid of the frame body 1 1 is 
preferably formed to have a plane surface extending in a 
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vertical direction except the portion on which the flange 
14 is provided. It is further preferable that the plane 
surface have no protrusion and dent. Providing no 
protrusion and dent allows the chucks to engage and lift 
the substrate carrying tray 1, without causing the chucks 
89 to catch protrusion and dent. Thus, it is possible to 
realize stable operation of the substrate carrying tray 
transport device 88. 

As described above, the flange 14 is a protrusion 
(cassette catch section) that engages the chucks for 
catching the substrate carrying tray 1. Further, the upper 
contact sections 11a and Hi and the lower contact 
sections lib and 1 lj are positioning sections which serve 
to perform position alignment of the loading bed 6, using 
the upper side fixing section 12 and the lower side fixing 
section 13. In the present embodiment, the flange 14 
serving as the cassette catch section is provided in 
different portions from the upper contact sections 11a and 
lli and. the lower contact sections lib and llj. When a 
chuck catches the substrate carrying tray 1, the cassette 
catch section is subjected to a force resulting from the 
weight of the substrate carrying tray 1. However, with the 
above structure, the positioning sections are free from the 
force, unlike the case where the cassette catch section 
and the positioning sections are provided in the same 
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portions. This allows suppression with regard to (i) 
deformation of the substrate carrying tray 1, (ii) 
degradation in accuracy for positioning the loading bed 6, 

and (iii) the like. 

When the aforesaid substrate carrying tray 1 is 
stacked so as to form plural levels as shown in Fig. 2, 
lower contact sections lib and 1 lj of a substrate carrying 
tray la stacked above fit in the inclined portions, i.e., 
upper contact sections 11a of a substrate carrying tray lb. 
The substrate carrying tray lb and a substrate carrying 
tray lc positioned immediately below the substrate 
carrying tray lb fit in the similar manner. When the 
substrate carrying tray la is placed on the substrate 
carrying tray lb, the position of the substrate carrying 
tray la may be slightly shifted. Even in such a case, due 
to the action of gravity in the inclined surfaces, the 
substrate carrying tray la moves so that the center of 
gravity of the substrate carrying tray la and the center of 
gravity of the substrate carrying tray lb are aligned along 
a vertical direction. This allows, even when plural 
substrate carrying trays 1 are stacked, each level of the 
substrate carrying trays 1 to be automatically aligned in a 
horizontal direction. Thus, even when substrate carrying 
trays 1 are stacked in multiple levels, e.g. 50 levels, no 
irregularities occur in the levels, with regard to the 
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vertical direction. 

Fig. 3 shows a state in which substrate carrying 
trays 1 are stacked in multiple levels. In Fig. 3, the 
structure of a loading bed 6 is simplified. A substrate 
carrying tray 1 in the bottom level is stably placed on a 
base 21, which has a contact section with a top face 
having the same shape as that of an upper contact section. 
Further, it is desirable to avoid particle contamination on 
a glass substrate used for a liquid crystal display device 
or the like. To this end, on a substrate carrying tray 1 in 
the top level, a cap 22 is placed that has a contact section 
formed in the same shape as that of a lower contact 
section. With the cap 22, particle contamination can be 
prevented. 

Such substrate carrying trays 1 are transported to 
another device by the substrate carrying tray transport 
device 88, as shown in Fig. 4. The substrate carrying tray 
transport device 88 is provided with a pair of arms 87 and 
chucks 89. The arms 87 are spaced from each other with a 
distance larger than the width of a substrate carrying tray 
1. Further, the chucks 89, provided on inner surfaces of 
the arms 87, are spaced from each other with a distance 
equal to a gap provided between flanges 14 of substrate 
carrying trays positioned adjacent to each other when the 
substrate carrying trays 1 are stacked in multiple levels. 
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The pair of the arms 87 is provided so as to be freely 
driven in the width direction of the substrate carrying 
trays 1, and the distance between the arms 87 can be 
changed appropriately. First, the distance between the 
arms 87 is provided large enough so that inner edges of 
the chucks 89 do not touch the flanges 14, respectively. 
Further, the arms 87 placed outside the substrate 
carrying trays are moved downwards, i.e., from the 
direction of the upper substrate carrying trays toward the 
lower substrate carrying trays, which are stacked in 
multiple levels. Next, the arms 87 are moved so that the 
distance between the pair of arms 87 is reduced and the 
inner edges of the chucks 89 are respectively positioned 
beneath the flanges 14, with the result that the chucks 
engage the flanges 14, respectively. Further, the pair of 
the arms 87 is moved upwards with the chucks 89 
engaged with the flanges 14, respectively, so that the 
substrate carrying trays 1 are lifted. In this way, the 
substrate carrying tray transport device transports the 
substrate carrying trays. 

With reference to Figs. 22 and 26, description is 
made as to structures comparable to the substrate 
carrying tray 1 (hereinafter, referred to as comparative 
structures). In the comparative structures, as is the case 
with the substrate carrying tray 1, a substrate 2 used for, 
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for example, a liquid crystal display panel or the like is 
loaded as a loaded object. 

In the comparative structures, as shown in Fig. 22, 
each substrate carrying tray 100 is formed so that an 
upper contact section and a lower contact section of a 
frame body 101 are horizontal. Further, the upper contact 
section has a frame protrusion 102 on its outer top edge. 
The frame protrusion 102 serves to prevent each substrate 
carrying tray stacked above from slipping when plural 
substrate carrying trays are stacked. Further, a flange 
10 Id is provided so as to protrude from an outer surface 
of the frame body 101 toward the outside. 

The frame protrusion 102 includes (i) a protrusion 
101b serving as a top outer edge extending section, and 
(ii) a protrusion 101c. The protrusion 101b protrudes from 
a top end of the frame body 101 for a substrate carrying 
tray, extending from the outer surface of the frame body 
outwardly in a horizontal direction. Further, the 
protrusion 101c is formed so as to extend in a vertical 
upward direction from an outer edge of the protrusion 
101b. 

The protrusion 101b and the protrusion 101c are 
both provided to extend along an entire top outer edge of 
the frame body 101. The protrusion 101c is formed so that 
an inner surface of the protrusion 101c positions outside 
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an outer surface of a bottom end of a frame body 101. 
Thus, when substrate carrying trays 100 are stacked in 
multiple levels, the above structure allows a bottom end of 
a frame body 101 of a substrate carrying tray 100 stacked 
above to fit in an inner portion of a top end of a frame 
body 101. If the fitting is tight, removal is difficult. 
Further, if a manufacturing error is large, it is feared that 
the lower side substrate carrying tray may run on to a 
face of the edge surface 101c when the upper substrate 
carrying tray is placed on the lower substrate carrying 
tray. Regarding this, an elbow room having a certain 
distance or more is provided between (i) the inner surface 
of the top end of the substrate carrying tray positioned 
below and (ii) the outer surface of the bottom end of the 
substrate carrying tray stacked above. The foregoing 
structure is shown in Fig. 23. In Fig. 23, d indicates a 
distance between a bottom end of a frame body 101 of a 
substrate carrying tray 100 stacked above and an inner 
surface of a top end of a frame body 101 (the distance 
corresponds to the aforementioned elbow room). 

As to a substrate carrying tray 100 of the 
comparative structures shown in Figs. 22 through 26, 
there are provided the equivalents of the upper side fixing 
section 12 and the lower side fixing section 13 that are 
described in the present embodiment (see Figs. 1(a) and 
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1(b)), although their drawings are omitted. Further, a 
substrate 2 and a loading bed 6 respectively have the 
same shapes as those shown in Figs. 1(a) and 1(b). In Figs. 
24, 25, and 26, although the structure of the loading bed 
6 is simplified, there is no particular difference from that 
shown in Fig. 22. 

As described above, it is necessary to provide such 
an elbow room with a certain distance or more between (i) 
the inner surface of the top end of the substrate carrying 
tray positioned below and (ii) the outer surface of the 
bottom end of the substrate carrying tray stacked above. 
However, when substrate carrying trays are stacked in 
multiple levels, the elbow room will cause a problem. 
Specifically, the elbow room allows a substrate carrying 
tray 100 stacked above to move freely within a range of 
the elbow room, causing position shift in every level. 

When substrate carrying trays are stacked in 
multiple levels, as shown in Fig. 24, such a shift is 
accumulated. This produces a large shift in a lateral 
direction between substrate carrying trays close to the top 
level and substrate carrying trays close to the bottom level. 
Further, as shown in Fig. 25, as substrate carrying trays 
are stacked from the bottom level to the top level, the 
substrate carrying trays will be in a skew form like a 
waveform in the lateral direction. That is, the substrate 
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carrying trays cannot be stacked linearly. This aggravates 
the stability of the entire substrate carrying trays 100 
stacked in multiple levels. 

Further, the above structure may cause the following 
situations, which result in faulty transfer operations. As 
shown in Fig. 26, when the substrate carrying tray 
transport device 88 lifts the substrate carrying trays 100 
by means of the chucks 89, the chucks 89 do not 
sufficiently engage the protrusions 10 Id, respectively. As 
a result, the substrate carrying trays are not lifted. 
Further, there is another case where a chuck 89 on one 
side catches a bottom surface of a protrusion 101b, which 
protrudes from an outer surface of a frame body 101. As a 
result, the substrate carrying trays 100 are lifted, while 
being inclined. 

On the contrary, with the structure according to the 
present embodiment, such faulty transfer operations will 
not occur even when a substrate carrying tray 1 is placed 
at a slightly shifted position. This is because the center of 
gravity of a substrate carrying tray thus stacked moves so 
as to be positioned vertically above the center of gravity of 
a substrate carrying tray positioned immediately below the 
substrate carrying tray thus placed. Specifically, this 
allows the substrate carrying tray thus stacked to be 
aligned linearly in a vertical direction. 



■ * 
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Further, when substrate carrying tray 1 is stacked 
above, as long as the substrate carrying tray 1 is not 
shifted beyond the region where the inclination is 
provided/the substrate carrying tray thus placed is 
automatically aligned linearly in a vertical direction. Thus, 
the structure according to the present embodiment is 
preferable allowing such a shift within a certain degree. 

The embodiment described above can be modified in 
various ways. As to the substrate carrying tray transport 
device 88, a substrate carrying tray transport device 90 
shown in Fig. 5 can be also used other than the substrate 
carrying tray transport device 88 shown in Fig. 4. The 
substrate carrying tray transport device 90 includes 
chucks 91 having a nail shape. Each of the chucks 91 
catches a flange 14 protruding from a substrate carrying 
tray 1. With the chucks 91, a substrate carrying tray 1 is 
transport one by one. According to the present invention, 
substrate carrying trays are aligned in a vertical line. 
Thus, it is possible to catch each of the substrate carrying 
trays at a certain position, without performing position 
alignment even in the case where the chucks 91 are used. 

Further, the shape of the upper and lower contact 
section of the frame body 1 1 of a substrate carrying tray 1 
is not limited to the above structures. In the following, 
modifications (varieties) will be described referring to Figs. 
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6 through 19. Note that, the structure of the loading bed 6 
is simplified in the drawings. Further, constituting 
elements arranged in the same manner as those shown in 
Figs. 1(a) and 1(b) are indicated by the same reference 
numerals, and their explanations are omitted. Further, in 
all of the following modifications, description is made as 
to a structure in which the entire edge portion 
surrounding the loading bed 6 has inclination, as is the 
case with Figs. 1(a) and 1(b). Such inclination may be 
created on only part of the edge portion, including the 
case shown in Figs. 1(a) and 1(b). 

In a structure of Fig. 6, as is the case with Figs. 1(a) 
and 1(b), a frame body 11 for a substrate carrying tray 1 
is arranged such that upper contact sections 11a and lli 
and lower contact sections lib and 1 1 j are inclined so 
that their inner sides are lower than their outer sides. 
However, the upper contact sections are not entirely 
inclined. Specifically, only portions including their outer 
peripheral edges constitute upper inclined sections having 
inclination, and the other portions including the inner 
edges have horizontal surfaces. Further, the lower contact 
sections are not inclined entirely, and only portions 
including the outer peripheral edges constitute the lower 
inclined sections having inclination. With the above 
structure, when a substrate carrying tray is stacked on 
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upper inclined sections and thereby substrate carrying 
trays are positioned immediately above and below, the 
center of gravity of the substrate carrying tray stacked 
above moves so as to be positioned vertically above the 
center of gravity of a substrate carrying tray positioned 
immediately below the substrate carrying tray thus 
stacked. This allows the substrate carrying tray thus 
stacked to be aligned linearly in a vertical direction, 
enabling to achieve the similar operation effects. 

In a structure shown in Fig. 7, as is the case with 
Figs. 1(a) and 1(b), a frame body 1 1 for a substrate 
carrying tray 1 is arranged such that upper contact 
sections 11a and 1 1 i and lower contact sections lib and 
1 lj are inclined so that their inner sides are lower than 
their outer sides. However, the upper contact sections are 
not entirely inclined. Specifically, only portions including 
their inner peripheral edges constitute upper inclined 
sections having inclination, and the other portions 
including the inner edges have horizontal surfaces. 
Further, the lower contact sections are not inclined 
entirely, and only portions including the inner peripheral 
edges constitute the lower inclined sections having 
inclination. With the above structure, when a substrate 
carrying tray is stacked on upper inclined sections and 
thereby substrate carrying trays are positioned 
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immediately above and below, the center of gravity of the 
snbstrate carrying tray stacked above moves so as to be 
positioned vertically above the center of gravity of a 
substrate carrying tray positioned immediately below the 
substrate carrying tray thus stacked. This allows the 
substrate carrying tray thus stacked to be aligned linearly 
in a vertical direction, enabling to achieve the similar 

operation effects. 

in a structure of Fig. 8, as is the case with Figs. 1(a) 
and 1(b), a frame body 1 1 for a substrate carrying tray 1 
is arranged such that upper contact sections 11a and lli 
and lower contact sections lib and Uj are entirely 
inclined so that their outer sides are lower than their 
inner sides. With this shape, it is possible to achieve 
effects similar to those obtained in the structure shown in 

Figs. 1(a) and 1(b). 

In a structure of Fig. 9, as is the case with Fig. 8, a 
frame body 1 1 for a substrate carrying tray 1 is arranged 
such that upper contact sections 11a and lli and lower 
contact sections lib and llj are inclined so that their 
inner sides are lower than their outer sides. However, the 
upper contact sections are not entireiy inclined. 
Specifically, only portions including their outer peripheral 
edg es constitute upper inclined sections having 
inclination, and the other portions including the inner 
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edges have horizontal surfaces. Further, the lower contact 
sections are not inclined entirely, and only portions 
including the outer peripheral edges constitute the lower 
inclined sections having inclination. With the structure it 
is possible to achieve effects similar to those obtained in 
the structure shown in Fig. 6. 

In a structure of Fig. 10, as is the case with Fig. 8, a 
frame body 1 1 for a substrate carrying tray 1 is arranged 
such that upper contact sections 11a and Hi and lower 
contact sections lib and 1 1 j are inclined so that their 
inner sides are lower than their outer sides. However, the 
upper contact sections are not entirely inclined. 
Specifically, only portions including their inner peripheral 
edges constitute upper inclined sections having 
inclination, and the other portions including the inner 
edges have horizontal surfaces. Further, the lower contact 
sections are not inclined entirely, and only portions 
including the inner peripheral edges constitute the lower 
inclined sections having inclination. With the structure, it 
is possible to achieve effects similar to those obtained in 
the structure shown in Fig. 7. 

In a structure of Fig. 11, as is the case with Figs. 
1(a) and 1(b), a frame body 11 for a substrate carrying 
tray 1 is arranged such that upper contact sections 11a 
and 1 1 i and lower contact sections lib and 1 lj are 
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inclined so that their inner sides are lower than their 

* 

outer sides. However, in upper contact sections and lower 
contact sections, a region including inner peripheral edges 
of the respective contact sections and a region including 
outer peripheral edges of the respective contact sections 
are horizontal, and only a portion sandwiched by the both 
regions (intermediate portion) has an inclined surface. 
Even in this case, when a substrate carrying tray is 
stacked on upper inclined sections of a substrate carrying 
tray positioned immediately below, the center of gravity of 
a substrate carrying tray stacked above moves so as to be 
positioned vertically above the center of gravity of a 
substrate carrying tray positioned immediately below the 
substrate carrying tray thus stacked. This allows the 
substrate carrying tray thus stacked to be aligned linearly 
in a vertical direction, enabling to achieve the similar 
operation effects. 

In a structure of Fig. 12, as is the case with Fig. 8, a 
frame body 1 1 for a substrate carrying tray 1 is arranged 
such that upper contact sections 11a and 1 1 i and lower 
contact sections lib and 1 lj are inclined so that their 
inner sides are lower than their outer sides. However, in 
upper contact sections and lower contact sections, a 
region including inner peripheral edges of the respective 
contact sections and a region including outer peripheral 
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edges of the respective contact sections are horizontal, 
and only a portion sandwiched by the both regions 
(intermediate portion) has an inclined surface. Even in 
this case, when lower inclined sections of a substrate 
carrying tray stacked above are placed on upper inclined 
sections of a substrate carrying tray positioned 
immediately below, the center of gravity of the substrate 
carrying tray stacked above moves so as to be positioned 
vertically above the center of gravity of the substrate 
carrying tray positioned immediately below the substrate 
carrying tray thus stacked. This allows the substrate 
carrying tray thus s.tacked to be aligned linearly in a 
vertical direction, enabling to achieve the similar 
operation effects. 

In the foregoing structures, all the inclined surfaces 
are inclined in a plane manner. However, the inclined 
surfaces may be inclined in a curved manner. Examples of 
the surfaces inclined in a curved manner are shown in 
Figs. 13 through 19. 

Fig. 13 is a view illustrating a modification example 
of Figs. 1(a) and 1(b). In Fig. 13, inclined surfaces are 
inclined in a curved manner, not in a plane manner, so 
that a gradient is downwardly moderate. This makes it 
possible to achieve the effects similar to those obtained in 
the structure shown in Figs. 1(a) and 1(b). 
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Fig. 14 is a view illustrating a modification example 
of Figs. 1(a) and 1(b). In Fig. 14, inclined surfaces are 
inclined in a curved manner, not in a plane manner, so 
that a gradient is upwardly moderate. This makes it 
possible to achieve the effects similar to those obtained in 
the structure shown in Figs. 1(a) and 1(b). 

Fig. 15 is a view illustrating a modification example 
of Fig. 6. In Fig. 15, inclined surfaces are inclined in such 
a curved manner that a gradient is downwardly moderate. 
This makes it possible to achieve the effects similar to 
those obtained in the example shown in Fig. 6. 

Fig. 16 is a view illustrating a modification example 
of Fig. 7. In Fig. 16, inclined surfaces are inclined in such 
a curved manner that a gradient is upwardly moderate. 
This makes it possible to achieve the effects similar to 
those obtained in the structure shown in Fig. 7. 

Fig. 17 is a view illustrating a modification example 
of Fig. 8. In Fig. 17, inclined surfaces are inclined in a 
curved manner, not in a plane manner, so that a gradient 
is downwardly moderate. This makes it possible to achieve 
the effects similar to those obtained in the structure 
shown in Fig. 8. 

Fig. 18 is a view illustrating a modification example 
of Fig. 8. In Fig. 18, inclined surfaces are inclined in a 
curved manner, not in a plane manner, so that a gradient 
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is upwardly moderate. This makes it possible to achieve 
the effects similar to those obtained in the structure 
shown in Fig. 8. 

Fig. 19 is a view illustrating a modification example 
of Fig. 9. In Fig. 19, inclined surfaces are inclined in such 
a curved manner that a gradient is downwardly moderate. 
This makes it possible to achieve the effects similar to 
those obtained in the structure shown in Fig. 9. 

Fig. 20 is a view illustrating a modification example 
of Fig. 10. In Fig. 20, inclined surfaces are inclined in 
such a curved manner that a gradient is upwardly 
moderate. This makes it possible to achieve the effects 
similar to those obtained in the structure shown in Fig. 
10. 

In each of the foregoing structures, every contact 
region is inclined toward the same direction. However, as 
shown in Fig. 21, upper and lower inclined sections may 
be inclined toward reversed directions. First, two types of 
substrate carrying trays are made: a substrate carrying 
tray If and a substrate carrying tray lg. The substrate 
carrying tray If has (i) an upper inclined section which is 
inclined so that its inner side is lower than its outer side, 
and (ii) a lower inclined section which is inclined so that 
its outer side is lower than its inner side. Further, the 
substrate carrying tray lg has (i) an upper inclined 
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section which is inclined so that its outer side is lower 
than its inner side, and (ii) a lower inclined section which 
is inclined so that its inner side is lower than its outer 
side. Then, the two types of the substrate carrying trays 
are stacked one upon another. Note that, in this case, the 
substrate carrying trays If and lg should be stacked 
alternately. In the structure, as is the case with all the 
other structures, even when a substrate carrying tray is 
stacked above at a slightly shifted position, the center of 
gravity of the substrate carrying tray thus stacked moves 
so as to be positioned vertically above the center of gravity 
of the substrate carrying tray positioned immediately 
below. This allows the stacked substrate carrying trays to 
be aligned linearly in a vertical direction. 

Further, in all of the foregoing structures, upper and 
lower contact sections have the same shape (the upper 
contact sections are formed in a shape so that the entire 
upper contact sections face the entire lower contact 
sections in an equal manner, when substrate carrying 
trays are stacked). With the above structure, the entire 
upper substrate carrying tray can be supported stably. 

The invention being thus described, it will be obvious 
that the same way may be varied in many ways. Such 
variations are not to be regarded as a departure from the 
spirit and scope of the invention, and all such 
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modifications as would be obvious to one skilled in the art 
are intended to be included within the scope of the 
following claims.. 

INDUSTRIAL APPLICABILITY 
The present invention eliminates a fear that loaded 
objects, i.e., substrates, are warped and come in contact 
with each other, resulting in breakage of the substrates. 
Further, the present invention allows substrate carrying 
trays to be stacked stably. Thus, the present invention is 
used for transportation of plural stacked trays or for other 
use. 



